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公共场所违禁物品的检测。目前应用的主要技术有单能量 X 射线技术、多视角 X













最后，为了验证 X 射线吸收光谱理论应用于物质识别的可行性，设计了 8
大类、共 32 种物质的吸收光谱采集实验，如溶液类、钙盐类、氯盐类、蛋白质
类、有机液类、铝合金类等。通过对比研究铝合金、溶液、塑料以及粉末类物质






















X-ray technology has obtained a rapid development in recent years, it has been 
widely used in material detection and recognition, especially for the test of some 
prohibited item in some public places. The main technology applied at present are 
single energy X-ray technology, multiple points of view X-ray technology, dual 
energy X-ray, CT and X-ray scattering imaging technology, etc. Most of these 
technologies identify by means of imaging at last, dual energy X-ray technology uses 
X-ray with two kinds of energy to detect the material, as the same material has 
different absorption level of  the X-ray with different energy level, thus we can 
measured the effective atomic number and achieve the recognition of the material. 
This paper studies is mainly based on the X-ray absorption spectrum theory. The main 
research content includes the following parts: 
First of all, I studied the main material identification methods at present and then 
givea detailed introduction of these methods which based on the theory of X-ray 
absorption spectrum. Advantages and disadvantages of these detection methods are 
gives in the end. 
Secondly, by the tissue optical development over the past few years and the 
factors restricting the development of tissue optical, we know the penetrability of 
infrared is one of the important factors, but good penetrability is the advantage of 
X-ray, so we decide to use X-ray absorption spectrum to detect material by the 
example of optical analysis method. 
Then, I carefully studied the current theory and the development of the X-ray 
absorption fine structure spectroscopy. In order to detect the absorption spectrum, the 
laboratory has developed a X-ray absorption spectrum detected instrument and in the 
paper we gives a detailed introduction of the mechanical structure and the important 
parts. 
Finally, in order to verify the reliability of using the X-ray absorption spectra 















groups of materials, such as solution、calcium salt、chlorine salt、proteins、organic 
liquid and so on, a total of 32 kinds of materials. By the experiment, we collected the 
X-ray absorption spectrum of these 32 kinds of materials, through the 
comparisonstudy, we preliminarily proved the feasibility of using X-ray absorption 




































摘要 .................................................... I 
Abstract ............................................... II 
第一章 绪论 ............................................. 1 
1.1 研究背景 ................................................................................................ 1 
1.2 组织光学及 X射线吸收光谱法简介 ....................................................... 3 
1.3XAS 方法国内外研究现状 ......................................................................... 4 
1.4 论文各部分主要内容 .............................................................................. 6 
第二章 X射线吸收光谱 .................................... 7 
2.1X 射线吸收光谱唯象论解释 ..................................................................... 7 
2.2 X 射线吸收光谱的原理论解释 .............................................................. 10 
2.2.1 X射线吸收光谱和吸收光谱仪......................................................... 10 
2.2.2 吸收边与精细结构............................................................................ 12 
2.2.3 EXAFS/XANES 基本原理..................................................................... 14 
2.2.4 EXAFS（广延区）区理论.................................................................. 15 
2.2.5 XANES 近边区..................................................................................... 17 
2.3 常用物质识别方法简介 .......................................................................... 17 
2.3.1 单能量穿透技术................................................................................ 18 
2.3.2 双能量穿透技术................................................................................ 18 
2.3.3 Z曲线技术......................................................................................... 20 
2.3.4 近边 X射线吸收精细结构谱显微镜................................................ 21 
2.4 X 射线吸收光谱法优缺点简介 .............................................................. 23 
2.5 本章小结 ............................................................................................... 23 
第三章 实验室用吸收光谱检测仪器 ......................... 25 
3.1 系统方案描述 ....................................................................................... 25 
3.2 系统介绍 ............................................................................................... 26 
3.3 仪器安全检验 ....................................................................................... 28 
3.3.1 X射线安全照射剂量标准................................................................. 29 
3.3.2 实验设备辐射安全性能测试............................................................ 31 
3.3.3 辐射检测结果讨论............................................................................ 34 
3.4 本章小结 ............................................................................................... 35 
第四章 吸收光谱采集实验 ................................. 36 
4.1 引言 ...................................................................................................... 36 
4.2 实验主要仪器及介绍 ............................................................................ 36 
4.3 实验原材料及样品 ................................................................................ 38 
4.4 实验方案 ............................................................................................... 40 
4.5 本章小结 ............................................................................................... 46 















5.1 数据处理过程 ....................................................................................... 47 
5.2 光谱展示 ............................................................................................... 48 
5.3 光谱分析与结论 .................................................................................... 50 
5.4 本章小结 ............................................................................................... 52 
第六章 总结和展望 ...................................... 53 
6.1 工作总结 ............................................................................................... 53 
6.2 展望 ...................................................................................................... 54 
参 考 文 献 ............................................ 55 
致 谢 .................................................. 59 
附录： ................................................. 60 
（一）光谱数据提取 GUI 主程序 ................................................................. 60 
（二）背景扣除 GUI 主程序（以 50kV3uA 铝合金 1为例） ........................ 61 
（三）同等条件下同一类型样品的吸收光谱对比 GUI 主程序（以 50kv1uA 溶
液类为例） ................................................................................................... 62 

































Abstract in Chinese ........................................ I 
Abstract in English .................................... II 
1. Introduction ........................................ 1 
1.1 The research background .................................................................... 1 
1.2 Brief introduction of tissue optical and XAS ........................................... 3 
1.3 The research status of home and abroad ................................................. 4 
1.4 Each part of the main content ................................................................. 6 
2. X-ray absorption spectrum ............................ 7 
2.1 Phenomenon explain of X-ray absorption spectrum ................................ 7 
2.2 Principle explanation of X-ray Absorption spectrum ............................. 10 
2.2.1 Spectrum and spectrometer ................................................................... 10 
2.2.2 Absorption edge and fine structure ....................................................... 12 
2.2.3 EXAFS/XANES theory ........................................................................ 15 
2.2.4 EXAFS theory ....................................................................................... 15 
2.2.5 XANES ................................................................................................. 17 
2.3 Commonly used material identification method ..................................... 17 
2.3.1 Single energy through technology ........................................................ 18 
2.3.2 Dual energy through technology ........................................................... 18 
2.3.3 NEXAFS microscope............................................................................ 21 
2.4 The advantage and disadvantage of XAFS ............................................. 23 
2.4 Summary ................................................................................................ 23 
3. Laboratory use XAS detecting instrument .............. 25 
3.1 System description .................................................................................. 25 
3.2 System introduction ................................................................................ 26 
3.3 Safety inspection ..................................................................................... 28 
3.3.1 Safety standards of X-ray dose ............................................................. 29 
3.3.2 Safety test of the instrument ................................................................. 31 
3.3.3 Radiation test results discussion ........................................................... 34 
3.4 Summary ................................................................................................ 35 
4. Experiments .......................................... 36 
4.1 Introduction ............................................................................................ 36 
4.2 Main instruments and introduction ........................................................ 36 
4.3 Raw materials and samples .................................................................... 38 
4.4 The experiment scheme .......................................................................... 40 
4.5 Summary ................................................................................................ 46 















5.1 Data processing ....................................................................................... 47 
5.2 Spectrum display .................................................................................... 48 
5.3 Spectrum analysis and conclusion ........................................................ 50 
5.4 Conclusion .............................................................................................. 52 
6. Summary and outlook .................................. 53 
6.1 Work summary ....................................................................................... 53 
6.2 Work outlook .......................................................................................... 54 
References .............................................. 55 
Acknowledgments ........................................ 59 
Appendix ............................................... 60 
(一) Spectral data extract GUI main program ........................................... 60 
(二) Background subtraction GUI main program ..................................... 61 
(三) The same type comparison GUI main program.................................. 62 






























































































表 1-1 各方法优缺点对比 
技术 优点 缺点 
单能 X 射线技术 技术简单成熟，价格低廉 
无法检测到高原子序数后的
物质 
















































含量。本文主要研究第三种 X 射线分析方法，即 X 射线吸收光谱法。 
 









































自上世纪 70 年代，一方面由于 X 射线吸收方法在理论解释上的突破[11]，使























XAFS 在上世纪 70 年代取得重大进展而成为实用技术，技术本身及应用领
域在深、宽两个方面都有很大的发展，但很难详细的进行描述，因此通过阅读相
关资料文献而从三方面进行简单介绍。首先，在非晶态材料与溶液方面，非晶态
材料由于没有长程有序，不能使用 X 射线衍射，而 EXAFS 可按照元素得到它们
的近邻结构，因此得到了十分广泛的应用，吕冈等曾结合 EXAFS 和 X 射线衍射








Structure, DAFS）研究方面，DAFS 将 XRD 与 XAFS 技术结合起来[21]，获得的
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